Aerobic granular sludge was cultivated in a sequencing batch reactor (SBR) in order to remove the organic matter present in winery wastewater. The formation of granules was performed using a synthetic substrate. The selection parameter was the settling time, as well as the alternation of feast-famine periods, the air velocity and the height/diameter ratio of the reactor. After 10 days of operation under these conditions, the first aggregates could be observed. Filamentous bacteria were still present in the reactor but they disappeared progressively. During the start-up, COD loading was increased from 2.7 to 22.5 kg COD/(m 3 day) in order to obtain a feast period between 30 and 60 minutes. At this point, granules were quite round, with a particle diameter between 3.0 and 4.0 mm and an average density of 6 g L
granule is an enormous metropolis of microbes containing millions of individual bacteria. Almost all aerobic granules have been cultivated in Sequencing Batch Reactors (Morgenroth et al. 1997; Beun et al. 1999; Peng et al. 1999; Etterer & Wilderer 2001; Tay et al. 2001; Liu & Tay 2002; Arrojo et al. 2004) . The SBR system is a modified design of the conventional activated sludge process and it has been widely used in municipal and industrial wastewater treatment (Mace & Mata-Alvarez 2002) . It seems certain that aerobic granulation is a gradual process involving the progression from seed sludge to compact aggregates, further to granular sludge and finally to mature granules (Dangcong et al. 1999) .
MATERIALS AND METHODS Experimental set-up
A sequencing batch reactor with a working volume of 3.0 l and a height to diameter relation of 3 to 1 was used. The HRT was fixed at 8 hours. The reactor was operated at room temperature and it was equipped with a pH electrode and a dissolved oxygen probe. These parameters were monitored continuously. Air was introduced at the bottom of the reactor using a porous stone, connected to several air pumps.
The reactor was operated in successive cycles of 4 hours length, consisting of four different phases (Arrojo et al. 2004) : filling (5 min), aeration (230 min), settling (1 min) and effluent withdrawal (4 min). Aerobic starvation is one of the most important parameters to take into account. Under starvation conditions, bacteria become more hydrophobic, what facilitates microbial adhesion or aggregation (Bossier & Verstraete 1996; Tay et al. 2001; Liu et al. 2003 ). McSwain et al. (2003 proved that a feast-famine cycle or pulse feeding of the SBR favoured the formation of compact and dense aerobic granules. Thus, the substrate was added in the reactor with only 5 minutes at the beginning of each operational cycle. Apart from this, the short settling time in combination with the height of the reactor allowed only particles with a high settling velocity to be maintained in the reactor. The digester was seeded with activated sludge from a municipal wastewater treatment plant.
Media
During the first stage, a synthetic wastewater was used. The composition of this media was modified along the experimentation, increasing progressively the organic load treated and the nutrients concentration in order to avoid bacteria inhibition. At the end of the experimentation with synthetic wastewater, the influent composition was as During the second stage, real winery wastewater was treated in the reactor. The main characteristics of this effluent are summarised in Table 1 . In each cycle, 1.5 L of water was added to the reactor. It is important to highlight the high organic content as well as the lack of nutrients of this effluent.
Analytical procedures
The DO concentration and the pH in the reactor were monitored with a DO probe WTWOxi232 and a Crison pH 25 electrode. Solids concentration (total solids, total suspended solids, volatile solids and volatile suspended solids), chemical oxygen demand, ammonium nitrogen and 
RESULTS

Start-up with synthetic wastewater
The reactor was started up using seed sludge from a municipal wastewater treatment plant as inoculum. In the first stage, the reactor was fed with synthetic wastewater with the composition described above. The settling time is the most important selection parameter (Qin et al. 2004 ).
First of all, it was fixed in 5 min. After 10 days of operation, it decreased to 2 min and finally, on the day 20th, it was fixed in 1 min and maintained during the remaining of the experimental periods. The solids concentration in the effluent reached very low values in very few days each time the settling time was changed (see Figure 1 ). This means that the biomass with poor settleability was easily washed out of the reactor. Therefore, very high biomass retention and the consequent reduction of sludge produced, one of the advantages of this process, has been demonstrated. In period IV (see Table 2 ), when the OLR was
g O 2 (L day)
21 , the solids concentration in the effluent were slightly increased, as a result of the high growing rate of the biomass.
Filamentous bacteria predominated in the seed sludge used to inoculate the reactor but after 20 days of operation under these conditions, the first aggregates could be observed. Filamentous bacteria were still present in the reactor but their concentration decreased progressively.
Simultaneously, the aggregates size and roundness were increased. Figure 2 compares the microstructure of the seed sludge with the one of the granules present in day 40.
Aerobic granules have a very compact bacterial structure, in which round species are clearly predominant. However, low levels of filamentous bacteria can still be observed and they likely serve as a backbone that strengthens the structure of aerobic granule.
In order to enhance the growth of biomass the COD concentration in the synthetic wastewater was increased progressively. Several periods could be identified regarding to the COD concentration, as shown in Table 2 .
At the end of the start-up, an OLR of 22.5 g O 2 (L day)
21
was treated. At this point, the growth of biomass was extremely high due to the high content of sodium acetate, the organic source present in the influent. Consequently, some problems of aeration appeared. The air velocity used until that moment was not enough to maintain a good level of dissolved oxygen concentration. So, some granules were attached and fixed as a mass at the bottom of the reactor.
In order to solve this problem, the air supply was increased from 13.5 L min 21 to 20 L min 21 , and most of the problems disappeared. ; organic load variation: ). . The granule density reached 6.5 g L 21 .
Operation with winery wastewater
After 120 days working with synthetic media, it was replaced by real winery wastewater, whose main characteristics are summarised in Table 1 . The lack of nutrients of this effluent made it necessary to add some extra nutrients in the reactor. The nutrients concentration in the influent was calculated following the same proportion ratios used with the synthetic media. NO 2 x were not detected in the effluent due to the low content of ammonia in the influent.
The change of substrate caused no trouble in the system. The mixed liquor got darker due to the winery wastewater colour. Figure 4 shows the appearance of the granules after 10 days of operation with the real effluent.
Since HRT was maintained, the addition of real wastewater implied a decrease of organic load in the reactor and a consequent reduction of the aggregate size was observed. Particle diameter was about 2 mm. On the other hand, granule density increased and reached a value of 13.5 g L
21
. It has been confirmed that granule density decreases with increasing the aggregate size (Etterer & Wilderer 2001) .
COD was also totally consumed in only few minutes, so feast-famine strategy was successfully achieved. Figure 5 shows COD and DO profiles during an operational cycle after 12 days of operation with winery wastewater.
The consumption of COD took place during the first hour of each cycle. It can also be observed that there is a 
CONCLUSIONS
The main objectives of this project were the investigation of 
